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(57) Abstract

(54) Title: COMPOSITION AND METHODS TO IMPROVE NEURAL QOUTCOME

The tripeptide glycine-proline-glutamine (GPE) may be administered before or usually after injury, to reduce damage to the central
nervous system. GPE appears useful for neuronal rescue particularly but not exclusively within the hippocampus. Advantages of GPE
include: a) that it crosses the blood-brain barrier, so is effective by injected peripheral administration; b) it is unlikely to challenge the
immune system; c) it is cheap; and d) its therapeutic ratio is high. GPE may be also be infused into the CSF. It may be administered prior
to parturition or elective brain or cardiac surgery. Transdermal routes may be useful for chronic neural disorders. The CNS of mammals
(including foetal mammals) after trauma including hypoxic/ischaemic experimental insults showed reduced damage under GPE protection
as measured by histological assesment of cell damage or death and regional shrinkage.
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COMPOSITION AND METHODS TO IMPROVE NEURAL OUTCOME

TECHNICAL FIELD OF THE INVENTION

This invention relates to methods and therapeutic compositions for the treatment or
prevention of central nervous system (CNS) cell damage in mammals - also peripheral
nervous system protection - and more particularly relates to a method of increasing the
concentration of specified naturally occurring or introduced 2- or 3-peptides within the -
central nervous system to treat an injury or disease affecting or liable to affect cells of
the CNS (or PNS).

BACKGROUND OF THE INVENTION

The central nervous system.is peculiar among mammalian organs in that differentiated
neurones are.practically . incapable of regeneration. Permanent loss of function is' a

 likely outcome of a suff:enently seyere injury to the brain. It is particularly sad to meet
" children whose brains have been damaged by hypox1a durmg a“difficult birth. There is

.therefore a need for means to protect cells of the central nervous system (also; including -
" 'the ghal cells) from death a.fter-"ra}l m_]ury ;

Ly ’. i

'After asphyx1a1 traumatic, tomc mfectlous, degenerative, metabol;c ischaemic or

hypox1c insults to the central nervous system (CNS) of man or othcr mammals a certain

degree of damage in several different cell’ types may. ‘result: For example

35' B
: A.Ann Neurol., 12: 445-448 (1982)) Damage to the CNS by trauma, asphyx1a, ischemia,

9517204A1_)_>

A.nprivpnfrlrnlar lpuonmalacna a lesion which affects the Derlventncular '
-'oh godendrocytes is generally consndered tobea consequence of hypoxic ischemic
]n_;ury to the developing. preterm bram (Bejar et al:, Am:J. Obstet. Gynecol.,

159:357-363 (1988); Sinha et al Arch Dis. Child., 65: 1017- 1020 (1990), Young etal.,
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toxins.or infection is frequent and maycause sensory, motor or ¢ognitive deficits. Glial
- cells which are non-neuronal cells in"the CNS-are necessary for normal CNS function.
- Infarcts are a principal component of some hypoxic'ischemic induced damage and loss
of glial cells is an essential component of infarctiofii There appears to be a kind of
"delayed injury process” in‘which-apparently: "self-déstriactive” neural activity occurs
some time after'an injury; attempts o' control this activity appear able toalleviate the
effects of this delayed injury process.

T T enT U L TOre Y7L e b

.« Diszases of the' CNS aiso:may. causeloss of specific populations of cells: For example

- " multiplé-selerosis’is-associated with 16ss of myelin-and oligodendrocytes, similarly
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- Parkinson’s:disease. is‘asstciated with loss of doparninergic neurons. Some situations
- 'inzwhich - ENS:injury:or disease can lead to’predominant loss of heunrons and/or other -~

cell types include: periitatal asphyxia associated with fetal distress such as following

- - abruption; cord: occhisiofi6r associated with intrauterin‘e.‘érowt'h retardation; perinatal

- asphyxia associated with failuré ‘of adequate resuscitation or réspiration; severe CNS
insults associated with near-miss.drowning, near-riss cot death, carbon monoxide
inhalation, ammcnia or other gaseous intoxication; cardiac arrest, collapse, coma, |
meningitis, hypoglycaemia and status epilepticus; episodes of cerebral asphyxié
associated with coronary bypass surgery; cerebral anoxia or ischemia associated with
stroke, hypotensive episodes and hypertensive crises; and cerebral tra.um-a.‘

i P e -

" :There are:many other instances im“which’ CNS injury or disease can cause damage to

cells of the CNS. It is desirable to treat the injury in‘thése instances. Also, it is’
desirable to prevent or reduce the amount of CNS damage which may be suffered as a
result of induced cerebral asphyxia in situations such as cardiac bypass surgery.

"+ “We have: previously shown (in' New-Zealand-Patent Application No. 239211 - "IGF-1 to
peie il = improve neural-otitcome®, tlie coritents of which are hereby incorporated by way of
i he 300

-reference) that the’growth factor called insulin-like growth factor 1 (IGF-1) has an
unanticipated action, namely to'prevent brain cells from dying after an asphyxial or
ischemic brain insult (Gluckman et al Biochem Biophys Res Commun 182:593-599 -
1992). Because insulin also has a neuroprotective action (Voll ef al Neurology
41:423-428 (1991)) and insulin and IGF-1 can both bind to the'IGF-1 receptor, it was
generally-assumed that this brain rescue mode of action of IGF-1 was mediated via the

- IGF-1 receptor (Guan et al J. Cereb: Blood Flow Metab.- 13:609-616 (1993)).

BNSDOCID: <WO___9517204A1_}_>



WO 95/17204

15
. -than des 1-3:N IGF-1 which does. not bind well ito.the binding proteins.- This was
indeed the case _:des>.1,f3‘,.N,. IGF-1.was not sighificantly active as a neuronal rescue
.. agent at a dose equivalent tothat at-which IGF-1:shows neuronal rescue activity. Thus '
. -the prior.art-pointed to activity at the IGE-I.receptor as the mode of neuronal rescue

20 . . achieved with IGF-1.

BNSDOCID: <WO___9517204A1_)_>
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- It.is known_that IGF-1.can be modified by-proteolytic cleavage in.nervous tissue to des
. 1-3N IGF-1, that is IGF-1-missing the 3 amino acids from the .amino terminal of the

molecule, and hence after cleavage.there is also.a;3 amino acid peptide gly-pro-glu

.. which.is'the. N:terminal tripeptide.This-tripeptideis:also termed GPE. As des 1-3N
. IGF-1 also binds to the IGF-1 receptor and:GPE does not, the GPE was thought to be of
: no,s,igpiﬁpan.cg to-the neuronal rescue: act;on iof IGF-1.., :

fane g e e U P
L ATOTT WO D st :

Our previous work had shown that the bram increases its production of IGF-1 following

.brain injuryxby hypoxia-ischemia-and:that.in addition it:increases the synthesis of two
- ,.specific binding proteins, IGF:binding protein-2:(IGFBP-2):and IGF binding protein-3
. (IGFBP-3) (Gluckman e¢:al Biocheny.Biophys Res Commun »182:593-599 1992) and

Klemp.et al Brain Res18:55-61:(1992).- These.were tiypothesised to attract the IGF-1

- -into:the region of injury to.reach concentrations necessary«for neuronal rescue. For this

reason IGF—] was.anticipated-to.be.more.potent given at-a-site distant from the injury

r, i\;"- \!_t,.."\,aw R ST

vl TN BT R B R R .“,‘:",'

s e LT

To date, there has been no enabling reference in the prior art to the manipulation of the

. cleaved tripeptide GPE itself to prevent or.treat: CNS.injury or-disease leading to CNS
- .damage.in vivo.- .- o osoapiet o w0 S0 eerTe i

.25,
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It is an object of the invention to. pg_'.o.v;ide -aimethod and/or medicament (therapeutic
-composition) for treating or preventing CN§.damage, which will go at least some way to
._-meeting the foregoing desiderata in a'simple yet effective. manner-or which will at least

p(ovigle the public with a useful choice; -+

RO MUY R

- : Y Lo . 4 .
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.+ - STATEMENT OFTHE INVENTION -+ - ,
35, .

_ Accordingly,:in a broad aspect the:invention comprises-a method of treating neural
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" damage suffered by mammals (or patients) including the'stép of increasing the active

concentration of the. tripeptide GPE (the 3 amino ‘acid peptide gly-pro-glu) and/or the
concentration of analogues of . GPE in the CNS of thz, mammal. In particular, the
concentration of GPE in the CNS of the mammal is effectwely increased.

S st r st tpmey ed% T Y 2 - . - - . e - .
Tl mptoLens eiR T s . NP

. Among.preferred. analogues ‘of GPE are peptides selected from the group; gly pro glu
(GPE)*"gly pro,:and pro glu woED et VaLe -

10

- N . <
Ve e R ~

AR ECT L ST AT SE S IS 3 PUS e I RPN
In a related aspect the invention:relates to treatment for injury to the central nervous
system (CNS) which is taken for the purpose of possible loci of activity of GPE to

.- 1:include those parts: of the mervous system: where cell bodies (including neurones and

15

.- supporiing:cells:such as glia,. Schwann:cells or the like) are located. Thus treatment of
‘the peripheral nerves:is:a part of the invention: as well as treatment of the brain, spinal

cord, and the like. o o H

More particularly the invention comprises a-method for treating neuronal injury within

+ at least the hippocampus: ~: - . o710~ 07 L

§ r . , . Wy o trme 1o
FESRS VAU G I SIS 5 Y 2T VA SOR- L I I S

. {The term "treat?-when:used;herein:refers to at-least:atteinpting to effect a reduction in

the severity of the CNS damage; by.reducing  neuronal loss, and loss of glial cells and

- other cells; suffered after a. CNS injury. It encompasses-the minimising of such damage

. following @a ENSdnjury.) -.... =~i:h 5~ v e o

#: -(The term Tinjury” when-used herein encompasses asphyxia, ischemia; stroke, toxins,

infections, trauma, haemorrhage, and surgical damage to the CNS.)

i Preferably, GPE.and/or:analogues thereof. are administered fo the patient directly.
" -.Alternatively;:a.compound maybe administered which upor administration to the -

patient increases the active concentration of GPE ‘or:naturally occurring analogues of
GPE in the CNS of the patient. For example, mcreasmg the ava.llabllxty of IGF-1 may

. lead to increased concentraiions of GPE.. .. . X

35

9517204A1_)_>

Preferably, the medicament is administered in the period from before the time of injury
and/or up to.100 hours after the CNS i m_]ury and more preferably 0.5 to 8 hours after the

/CNS injury. - I S AT b e R PRI T R
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- <1 - Alternatively if an elective procedure is considered likely to lead to an injury to the
.~ ; +.CNS the,medicament may be’administered.prior to the elective procedure, thereby
. arranging for.raised levels of GPE:during the:procedure. v

In a first form, preferably, said GPE and/or an analogue or analogues thereof selected
~ 1 from the.-group; gly proigluj-gly:pro,.pro-gliu;«is administered by lateral
cerebro-ventricular injection or through-a surgicallyiinserted:shunt into the lateral
cerebro ventricle of the brain of a patient in the inclusive period from the time of the

= 10 -+ . CNS:injury to 8 hours:thereafter:. iz 2 il roos Losnist s

Eo -

AL PO S LS SRS E O B A BERNG -5 S 0 5 ¢ X PR RN S I BP IR AN

- - . S e L : 1L

;. .ni. -In.another preferred-form, GPE and/or:an' analégue-or analogues thereof selected from

T T the group; gly'-ﬁrO‘glu;:gly:pro ;'pro.gly, is administered By injection into the cerebral
., .. parenchyma of a patient in the inclusiveiperiod from:the time of the CNS injury to 8
15 hours thereafter. R R ALY

. In another preferred form of the: present invéntion; GPE and/or an analogue or
analogues thereof selected from the group;: gly pro:glu, ‘gly ‘pro, pro glu, is administered
peripherally into a patient for passage into the lateral ventricle of the brain in the

20 inclusive period of from the tlmc iof.the: CNS. injury to 8 hours thereafter. By peripheral
‘route;we mean an inttavenous, oral,fectal, nasal; subcutaneous, 1’_f"

e ;:mtrapcmoncal- or intramuscular routie.: Préferably, it is‘GPE itself that is ad‘,_
by way of lateral cerebro ventricle injection:or:by. use of the surgically inserté_'_gi shunt.

25:. .. Preferably the medicament is adniinistered:according to-the pattern of injury or time -
_lapsed after-a CNS:njury.c. i c.omely, st b 70 T8 il v b

»- - -, Preferably the.dosage range administered i§ from-about 0:1-ug.to about 10 mg of GPE
o . (or;said analoguc -or ‘said compound that-elevates the concentration thereot) per 100gm
. _{30 . ofbody weight. ..~ | -oiiooevolen ot g gL T e

SO T T LI e N E RN R R L
Mare nreferahlv the dacaga ringe:administered is'about. 1: mg. 6f GPE per 100 gm of
body weight.

- - .. . L e - e - . . FUPR.
a0 . . . - . i AT AN :

+35.. I : Optionally the dose rate may be about 10 pg/kg for. infusion, in artificial CSF, into the
lateral ventricle or other perfusion sites suitable for access to the CSF.

9517204A1_I_>
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GPE (or said analogue or said compound that elevates the.concentration thereof) may
be used alone or in conjunction with other medicaments or growth factors designed to
e . ameliorate.gtg‘ainst_lo,ss,'of,CNSpells, such as glia and:neurons. -

By prevent is.meant-a reducuon in: the severity of CNS- damage suffered after a CNS
injury and may consequently include inhibition of the symptoms of CNS damage.

. In yet a further aspect, the -nve'ttlon provnd s ‘the use of GPE and/or analogues thereof
10 in the preparation of a medicament for treating CNS damage.

PR -3 3 age. ren i .‘
-<\-'-< . 1 v ,,’_.‘.1»; 370 N

. s LY s e ~
Tyt e UL Ty Sl ! -)(:) : Poet LR

admmlstratlon to a patnent, increases the acuve cnncentranon of GPE and/or naturally
occurrmg analogues thereof in the CNS of the patlent in the preparation ofa
15 medicament for treating injury to the CNS.

The invemion also copsists in a-medicament suitable for treating CNS damage suffered
after a CNS injury comprising GPE;-and/or analogues thereof optionally provxded mn
. human dosage form in a pharmaceutically acceptable carrier or diluent.

20

in a related aspect the medicament comprising GPE may-be provided together with
suitable pharmaceutically acceptable excipients.

T N O U PR !

In a further related aspect the med(i,cam_e‘nt comprising GPE! ntay_be providéd ina
25  mammalian dosage form. -

R T S S N R Y L X N o P R a

. . In anothf-r related _aspect the. medv'amen' for treatmg CNS: damage may also comprise a

- e 40‘_011!!13_011!1.(1- or.compositicn in-human dosage form which; upon administration to the
R pa’tien_t,_...su;ffg‘r,i.gg;CNSidqr‘—x}agq, Jncreases the active concentration of GPE and/or
30 naturally occurring ana.l-ogues thereof in the CNS of said patient. : '

R e P PR I L S S PSS TR S S LS Rt Syt s

P A Alternatlvelyrthe medicament. stlmulatnr g GPElevels may be provnded in a mammalian
cunine..ono. . dosageform.. o L o e,

35 . The invention further provides a method of treating patients suffering chronic forms of
< .. ;- .- - degeneration of the nervous system:by administering GPE and/or analogues thereof

BNSDOCID: <WO___9517204A1_{_>
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.. .over an extended period.: TR
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Preferably GPE, and/or analogues thereof (optionally with suitable pharmaceutically
acceptable carriers or the like) may be administered to such patients in'a form and by a
route in"which- absorbtnon ‘takes place-across mucous membranes
L EPNNP RN SRR PSR L A B R WS PRI S 348
Optionally GPE, and/or analogues thereof may be provided as molecules having an
electric charge and-absorbtion- may be aided by an c]ectrophoretrc procedure
: . N TR T I O ST Lo U

Optionally, the invention further provides for the prophylacuc use of a substance (GPE
or an analogue or a coinpound that élevates the concentratlon ‘thereof) to minimise the

- ‘effects of CNS damage dunng annclpated ‘évents, for example certam procedures such

as open-heart surgery) Bnd et

Although the present invention is defined broadly above, it will be appreciated by those

“ .. skilled in the art that it'is nét: hmrted thereto but include’s embodrments of which the

*..-description provides examples: -

20

25

- 2 hoours' after the hypoxia.-Similar'to previous-studies thé'ii
‘'was - lower in the' IGF-1- treated group, whereas MKSOl*had a lesser effect

30

EARENER

' Fig 3: * shows the incidence of ‘¢ortical infarction and hippocampal damage following

0617204A1_I_>
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A better understanding of the invention will be gamed from reference to the foregoing

..... I . - B [ad

“examples ‘and drawings whereéin: : BT Rk d T E ede E

K M4 DA L i LY
M T PR S Y ) . .z [N

Fig 1: shows the incidence of cortical infarction following treatment with vehicle
alone 50 pg'of IGF-1 :or the: NMDA’ an'ta"gé)'nis‘:ti-MKSO’lf'(l‘rh‘g)' ‘or IGF-1 plus MK801

P I 4 P Vel -

I L SR PRI S S A1 IR Tl

Fig 2: shows an example of the effects of treatment w1th 1 ug IGF-1 2h after an

el mblmen, B i an e Aae th A harimantal avicinre cfnnﬂorﬂ n'-\l\rn‘uahnnc

5 SN, I L.
- la\rucuua jll ACAAL DUCW /T A Alw St iiws WNGCT W LTHTonwG, QNIS'ar

for various portions of the brain. This dose was neuroprotectlve but, unhke MKS801,
did not suppress seizures.

AN 7 T P N S FS NP S £ SR A B S G 1S SRR
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_treatment with 3ug GPE or vehicle 2 hours after the hypoxia. [The incidence of

hippocampal damage was;reduced following treatment with 3ug GPE. * p<0.05]

15

~s
RS RN

. Fig 4: shows results from the same experiment; wherein the two columns on the left
_shown the area (hence volume,-from stereclogy) of viable cortical tissue remaining after

treatment, as 2. ratio-between-the right side of the brain and the left (injured) side, while
the two columns labelied CA-1 show the proportion of live neurones remammg

-, (comparing right and left sides) after the insult.

- f e el g e e B Pooaer : f
oAty oy SRR SR b B (S S S O SO :

~

x ~-_i—;F1g 5: shows the. dosc -response.effect of GPE ion neuronal outcome in the
- . hippocampus (CAI =2 reglon) after perzphera] (intraperitoneal) administration of GPE.
... The vertical axis shovss.the.R/L ratio; the:ratio. between the unllgated and the ligated

sides of the brain.

Fig 6: .is a photomicrograph which shows bmdmg of GPE in an mjured side of the

.hlppocampus_ L A Rt ST TN

. missing-the 3 amine acids from the amino terminal of the molecule, and to a»

1 Wt ER G

T S B ER T S T S |

. . TECHNICAL DETAILS OF THE INVENTION

. P B IR .
T BV .t -

We have exf)iored the observation that insulin-like growth factor ‘1 (IGF-l)""':iiA{i
be modified by proteolytic cleavage in nervous tissue to des 1-3N IGF-1, thaL s IGF-1

~. v

amino

- acid peptide gly-pro-glu (GPE),which is.the N terminal tripeptide. As des 1-3:" IGF-1
~ also binds to the IGF-1. receptor and GPE does not, the:GPL.was thought to be of no
- s1gmficance to the neuronal rescue action.ef IGF-1. Surpnamgly, GPE is effective.

R TICEL RIS Pl o \.{ e ER o Y LS AU

35 -

1

.Our previous work had shown that:the brain increases its productmn of IGF-1 following
:,.br.am,_m]ugy by-hypcxia-ischemia and that'in addition it increases the synthesis of two
.specific binding proteins, IGF-binding protein-2 (IGFBP-2).and IGF binding protein-3

(IGFBP -3) (G]uckmanzet al Biochem Biophys Res:Commun :182:593-599 1992) and

Klemp et.al Brain Res-18:55-61.(1992). -These were hypothesised to attract the IGF-1

into the region of injury to reach concentrations necessary for neuronal rescue. For this
reason IGF-1 was anticipated to be more potent given at a site distant from the injury
than des 1-3 N IGF-1 which.does not bind .well to the binding proteins. This was

. indeed the case - des 1:3 N IGF-! was:not significantly active as a neuronal rescue

9517204A1_t_>
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agent at a dose equivalent to-that at which IGF-1 shows neuronal rescue activity. Thus

*the.prior art pointed to activity at thé IGF-1 teceptor as the mode of neuronal rescue

10

15

achieved with IGF-1.

V.
BT ST PLIN Tt LI T S S Y oo L TS ‘

«.To date, there has been no ’énét’ilfing-~ referenice in the prior art to the manipulation of

GPE to pl event or treat CNS mjury -or'diseasé 1éading 16 CNS damagc in vivo.

. * v — et ey .
SOt L0 g T R S A GRS BTG ey

Surprisingly we have found: that'GPE-itself appearfs'fo be the compound that underlies

the phenomenon of neural rescue. (See for instance Examplc 3). This. hastedusto -
propose that- treatmg a pahent for-neural mjury or dlsease with- IGF 1 is a less soundly
‘based proposition; as a tripéptide’ is edsier to prepare andas it is"a' more mobile and less
immunologically challénging’ co‘mpound“ thbréfore it can be expccted to be more

P

effective. rrpamerd it .

. .Sara (patént EP 0366638 A2) suggestéd that GPE ¢oiild act as'a neuromodulator to alter

20

250 -

the activity of neuronal cells. Because it contains a glutamate and a glycine she
suggested that it is likely to act at a NMDA class of receptor either as a partial agonist
or antagonist. The classical’NMDA ‘receptor antagonist is MK801. We therefore
compared the action of IGF-1 to MK801 glvcn after i mjury and also looked for any“
additive effect. ° ¢ ¥ R Terae e TRl bt iRl L

. R R R WY SENE
ERUO VR A RN

o

. Experiment 1 in:our specification is a non-limiting exafriple to show that in rats subject

to.hypoxic-ischemic’injury thé action of IGF-17is not mimickéd by or added to by use
of NMDA receptor antagonist: - This study' shows-that IGF-1: docs not act by means of
* ah action'to modulate ‘neural activity.: In contrast IGF-1, ‘GPE and MK801 all have -
identical actions on gonadotropin release from hypothalamic tissue (Bourgignon et al -

" . Growth Regulation (in press)) suggesting:that IGF-T°do€s act as*a prohormone for GPE

acting: to ‘modulate NMDA:mediated rieui'ohal"éfctif'vit")f' in‘tetinis of hormone release and -

"thus there was no:a: prior reason to anticipate that GPE would be a neuronal rescue’

“agent.. Thus there was no prior art ‘t:o suggest that IGF-1-might act as a prohormone to

e Ccom FIDE wihinh in trrrn ctand hbiiranas duine. b Dothnr ﬂ\n r\rcnr art cucaacte ﬂ-unf YPI:_I -
~ hat —1 g

- 35
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- acts via the IGF-1 receptors. -~~~ 1. Sy

BEX NANAS YV ASANSAS AEE LAea S Srencprl A emassemas e ey e m—-

~ i

- : . -

oo PR R,

- Experimerit 2 is a non:limiting-éxample in fetal'sheép to show that IGE-1, which
induced neuronal rescue in-an ischéimic model in fetal sheep, did not suppress cortical
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. : electroencephalographic activity whereas MK801 does so (Tan et al Ann Neurol
32:677-682 (1992)). .. . =T L Ll oL

5 Experiment 3 is a non-limiting example which shows that despite the prior art
ey :.:suggesting that IGF-1-acts as.a neural rescue agent:wvia.thé IGF-1 receptor without
2. -~ .- _ -. modulating neuronal activity,:GPE was as potent as:a‘neurcnal rescue agent as was
IGF-1. The GPE was.given sherily after the hypoxic ischemic injury but before
degradation of DNA occurs in the regions which are destined in control animals to
.-.10_ :. -show:neuronal-death.: The'reduced degree of hippocampal neuronal loss and cortical
. ... infarction -which:is a reflection of less:neuronal.and less glial cell loss due to asphyxia. '
.. ;. .~ The-mechanism-by ‘which. GPE leads to prevention of cell-death is not known but is
-, o s .o clearly:not:byimodulating.neuronal acdvity.. s v o o

- el e e e . el P '

PR [ Ty Tt o T O o T 1 T -
Pl .15~ Experiment 4.is-a non-limiting example in 21-dayold rats :0 show that GPE has a
- -+ -significant beneficial.effect on:neuronal outcome when given-intraperitoneally, two

hours after an insult comprising hypoxia. = . : '

-~ . ¢+ - . Sarahas shown GPE to modulate neurona! activity and because agents such as NMDA
. ~+.20 . which do may have samc role in treating neuronal injury suggested but did not provide
.. “.any evidence for its use:as a;.t.reatmem for neurological disease.- However there is no
. ... +. prior art for our claims which are that GPE can be used to prévent neurological disease
i e w0 - by preventing neurones and glia:from dying.” The type of clinical application to which
our invention is directed is totally different from that of Sara... :

25 A
~ o, More recent :.work by us tendsto suppert the finding that:the effects of GPE are most
..o iem .a. » - developedin the hippocampus.itself;-the:CA1-2 regions. Thas our data relating to GPE
se ~ v+ ¢..and the Jike-may bz in the first instance most relevant to diseases primarily involving
-~ h 1 e 7w - ~the'hippccampas, and:in the second:instance to other populations of neurones once 'thc‘

i e o2 30 - modus operandi iz better understond. .+ . .

DESCRIPTION OF THE PREFERRED EMBODIMENTS

. F AN : . - . . - - - . o oama -
Ok PRI ;‘(- R T . IR Y SR A > i [ s el T, =2

ceiei7i - - The invention relates to a method of manipulating neural:damage. In a first aspect, the
35 ' invention relates to a method of treating CNS damage after an injury to the CNS occurs.
For example, the patient may have suffered perinatal asphyxia or asphyxia or cerebral

BNSDOCID: <WO___9517204A1_1_>
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ischemia associated witha stroke-or other non-limiting examples of CNS injuries

having been described earlier herein. In theée instances, it is desirable to reduce or

eliminate the symptoms of CNS damage.

- T S T

T R N BRI e PR A £ S AN

CNS:damage-may for eXample be 'measured clinically by the degree of permanent

neurclogical deficit 'cognitivé;fu'nction'E‘and/’or'properis'it'y toseizure disorders. (In our

© . experiments:we have used histological techmques) SRR

10

iy Bl RERSHEL Y B AR AN S RC TN LU DU Teonntowa

“Itis proposed that the concentratioh:of GPE.and/or ‘analogues thereof in the CNS and in

-2 .

>. . the brain of the pafient in‘parficular should be'increased in order to treat the CNS

15

<y

:damage.- Accordingly;, GPE and/o¥ fihﬁloguexﬁtf}rér"e'éfiééﬁ‘"Be‘fadfniniste'red directly to

the patient. By the term"GPE": we refet in pafticular'to gly'p
glu. By analogues of GPE is meant compounds which exert a similar biological effect
to'GPE. These compounds ean bt derived from hurmhans or éther animals. GPE and
analogues: can be purified:frommatural sources ‘or produced by synthetic techniques.
Synthetic GPE can be obtained commercially. ©* . i v .0

-, Alternatively,-¢ompounds can:b€'administered ‘which; upon administration to the

20

:-patient, increase the active ¢oncentration of GPE ‘and/or naturally occurring analogues

thereof in the-CNS. -By "active’concentration" is ‘mearit the-biological concentration of

~ GPE and/or:analogues inithe:CNS of the patient able to exert an effect on CNS damage.
-~ For example, elevating thé active concentration of IGF-1: may enhance the formation of

25

GPE. :-'. . ", A S B TIPS § TP RN S

-GPE, analogues thereof and coinpounds which eleévate the active concentrations thereof

. . can'be adminjstered centrally: orsystemically. ‘De§irably; the compositions are

30

35.

9517204A1_1_>

administered: directly to.the: CNS: of the patient. ‘Accordingly, the compositions may be

: administered directly into.the:brain or cerebrospinal fluid by techniques including

lateral ventricular through a burrhole,-or:anterior fontanélle, lumbar or cisternal
puncture or the like.

. f z” e BT N PR L L IR T -
o N T AR R S MEEAL LT TR ST S g AP SRS

If desired, a combination of the compounds can be administered. In addition they may
be re-administered with other‘agents or. growth factors, for example, transforming

- growth factor beta (TGF-B):1: 3 L v mor o oo

e AR .- B o . Ve et . s i LR
i T . . DR P A
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" The:foregoing experiments:show that the expression of IGF-1-after a neural insult
* follows a-specified time ‘course: and-occurs in specified areas of the body. Accordingly,
:.the ‘compositions should be administered according to the pattern’of CNS injury and the
. =.» »3: . elapsed time:subsequent té.an‘injury so as to produce the niost desirable results. The
compositions may be administered directly to the reglon of the body where the greatest
2ot -CNS injury has‘occurred.:i* ot aa. . 0 s Comra Ty e
The compositions may for example be administered about 0.5 to 100 hours after an
ig . 10 ylinjury: and only one reatment may- b¢ recessary. A]tematlvely, repeated treatment may
be given to the patient. S S e '

o E R P S RN AR I S AR I [2H Qe eamn iy S

- oo .- o Asuitable dosa‘ge rangeandy for example be -between'about 0.1 to 1000 ug of GPE
(and/or analogues.or‘comipounds that eievite the concentrations thereof) per 100gm of
-15 - - . body weight-where the compositionis‘administered centrally. - '
GOt s TTUTIURT Li Lonloamtan . nl T s
The treatment may be given before (as well as after) an injury - as for examplé before
-elective surgery. Exampies of relévant electivé procedures’ include neural surgery, in
“+'¢+ ~ which retraction’of Iobes of-thie brain.may-lead io cerebral oedema, or hoan operations,
20 .. such as.valverepiacéiment; in.which.inevitabie ‘small €mboli are said to lead to
‘detectable impairment of Brain:function in some 75% of cases. - -
The invention also relates to a medicament for treating CNS injury. The medicament
can comprise GPE and/or analogues thereof or 2 compound which elevates the
25 concentration of GPE in the CNS such as IGF-1. The compounds are desirably
= .iivprovided in a pharmaceuticallyacceptable ¢arrier of diluent such' as those known in the
- ' . oart. GPEjanalogues and compournids-that elevate the concentration thereof can be
< ... ‘manufactured by: peptide: syntlxesxs techmques Alternatlvely, the compounds can be
- - ion o<y isolated from natural'sourees) o TEoET o Lo vt
S B0 e e T s e ol o o DT e,
< o8 o A compound. with little of no immunological effeci may be adrninistered over long
Petaais.o T cperiods, ‘as long as other:side effects prove to be unimportant: We propose that oral
“w.lie ot 7o doses of a pharmaceutical compound ‘proimoting higher GPE lévels in the brain (such as
voencanoo-o 0 GPEitself) may be giveniover long pefiods to (for example) sufferers from chronic
ez ot - 35 - CNS-disturbances suchias Parkinison’s disease, ‘multiple sclerosis, Alzheimer’s disease,
=70 - .- .and-the like.’ In this instance the:iripeptide nature-of GPE should allow its entry into the

BNSDOCID: <WO___9517204A1_|_>



BNSDOCID: <WO__

WO 95/17204 - PCT/NZ94/00143

.10 ..

15

20

25

30

-13-

- circulation by direct absorbtion from the buccal mucosa from a lozenge placed under
.- the tongue. We have shown that GPE:is effective by intraperitoneal administration (in
© . 'young rats) so.it is at least not limited to injection into the CSE The efficacy of GPE

therapy in'such diseases may be difficult to establish-unless clinical trials are éttcmpted.

U PR VR K-S E U A T

The invention is supported by the following.experimental data. ' In the following studies

it was found that:

v

- R T T
ICI TN, 4 PRSP ¢ DR

l) The neuronal rescue cffect of JGFx1-is not mlmlcked or added to by use of an
NMDA receptor antagonist. R T LI ST I

2) Unllke an NMDA receptor antagonist neuronal rescue therapy w:th IGF-1 does
not, suppress -seizure-activity. Thus; the:neuronal rescue effects of treatment with
--IGF-1 are not primarily. mediated-via the:NMDA :receptor. .

3) Alterations-in CNS levels of the. n:terminal.tripeptide of IGF-1 called.GPE can
alter CNS damage resultmg asa consequencc of an injury to the CNS.

The prescm invention.is. further iHustrated by ‘the followmg examples. These

‘L ‘ex;amples, are-offered by-way.of'illustration.only.and are not intended t_o limit the

invention-in any-manner.- All patent and literature references cited throughout the
specification are ‘expressly incorporated: The:studies described were approved by the
Animal Ethical Committee of the University of Auckland.

PN L . . g . . Corvent LT e . LY .
L IR A 2 ERUU I £ A S PR Lo e AR I S

-Experiment 1. - .. ooy e v Oy e oo

L e v : R R & TS TS At B R A S A )

The objective of this study was.to.compare the effects of ;adrhinistering IGF-1 and the

...- NMDA receptor antagonist:MK801. after.a CNS.injury 'in 6rder.to clarify the site of
-action of IGF-1. .The experimenits involved treating the'rats with vehicle, IGF-1,

MKS801 or IGF-1 plus MK801 2 hours:after a;ICNrS{';injury.. These rats had an.
hypoxic-ischemic injury to one cerebral hemisphere induced in a standard manner. One

_.-carotid artery.was ligated and-the animal;was subjected-two hours later to a defined

.. ppr-nrl nf. tnhnl nhr\nnl hvnn\na “P dPorPP 'Pﬂath of, hvnnx»mr amhtent temperature and

35 .
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humidity were defined ‘to‘stgn»dardljsc the degree of damage. They were sacrificed five -

-days later for histological analysis using.stains (acid-fuchsin) specific for necrotic

neurons. In,such experiments.cell.death typically is restricted to the side of the side of

;artc,r;iaJ ligation and is, primarily in the hippocampus;dentate gyrus and lateral cortex of
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.the ligated hemisphére: - ' +

S TP S -

Adult- Wistar rais (68 28C- 320g) were prepared under 3% halothane/O anaesthesia.

The right side carotid artery ‘was ilgatcd ‘A guide cannula was placed on the dura
8.2mm anterior from bregma and 1.4mm from midline on the right. The rats were

. allowed to recover-from dnaésthésia for 1 hour and were then placed in an incubator

with humidity:85%5% and téemperaiire 34+0.5C for 1-hour before hypoxia. Oxygen

“concentration wWis redéced aiid maintained at 6i0.2"'0-2 % hypoxia for 10 minutes. Thée
10
#7 VIGFL (n=17); MK801 (n=17);"'MK801 plus IGF-1 (n=17) or vehicle (n=17) alone. -

rdts were Kept ini‘the inciibator for'two hours after the hypoxia then treated either with

* o Fiftymicrograms of-IGF-1 orvehicle alone (0.1% BSA in 0.15M PBS (pH 7.3)) were

- . given iz intratventricuiar (EVC) infusion. . Simultaneously the rats were treated

15

subcutaneously (IR) using ‘1 mg*‘MK801/0.5in] or saline alone. The intraventricular -
injections of 50 pg IGF-1 or vehicle alone were made into the right lateral ventricle at 1

- uVminute’under 1.5%-2% -halotliane ‘anaesthetic. Rats in each treatment group were

- infused simultaricously. The rats hiad frée access to'food during experiment and were

*- euthanized at 120 hours afier hypoxia-with dverdose of sédiumn pentobarbitol. Briefly,

the brain was perfused in-situ with FAM (Formaldehyde, Acetic Acid, Methanol 1:1:8)

-thén paraffin embedded: ‘Fhe sections were stainéd with Thionin.and Acid Fuchsin.

The. presence of-‘cortical infarction,:défined. 4s a region of tissue ‘death or parenchymal

-pan-necrosis due to-dédth of glia as'well as neuron’s, was'determined via hght
E Txmcroscopy by :art assessor who was blmded lo the experlmenta] groupm £s.

LA I S I TR P S A

Resulls are illustrated in Fig 1, showing the ratio between the R (hgated carotid) and L
sides of the brains, wherein column A is vehicle, column B"is 50 Bg IGF-l column Cis

i mg MKZ801, and column D is 50 ug IGF-l w1th l mg MK801 (p *=0. 031)

R s D B G TN

Similar- 10'-—p'rev'fio'.isA'stu‘diés—byf ouiselves the incidence of ‘cortical infarc;tion was lower
following IGF-1 treatment (33%) compared to 65% in controls (Guan et al J Cereb
Blood Fléw-metab 13:'609:616(1993)); whercas foliowing MK801 treatment the

- incidénce was-50% .- The combination of IGF-1 ahd MK801 was 41%. Thus in rats

"+ subject to hypoxic-ischeiiic mjmy the actxon -of IGF-l is not mimicked by or added to

S35 -

O517204A1_I_>

I'

by use of NMDA réceptor antagomst

S L A AP -t

Experiment2¢ . . o0



WO 95/17204 . PCT/NZ94/00143

-15-

The objective of this study was to compare.the effects of treatment either with IGF-1
(see Fig 2) and previously published work with the NMDA antagonist MK810 after an

. - ischemic brain injury on postischemic seizures and neuronal losses in fetal sheep. (Tan
. etal Ann Neurol 32:677-682 (1992)). .. -

Pt w . R S AP S S S K PLiTe

: The rhet_hqu were those of -an earlier.study (Tan-ez al,Ann Neurol 32:677-682 (1992)).

. Briefly, late gestation fetal sheep. were chronically instrumented to record EEG, nuchal

.. . activity and blood pressure, and were then,returned to-the uterus. Cortical EEG activity,
.10 .

nuchal activity and blood pressure. were recorded throughout he experiment and the

. . fetal brain subjected to 30 minutes:of;ischemia;{Fwo:hours later. they were treated by an

15 .

BNSDOCID: <WO___!

_ infusion of either: 1 ug IGF-I (m = 6)-or.vehicle (artificial:CSF) (in = 6) into the lateral
- ventricle. Five days later the brains.were fixed-and assessed for neuronal loss as
- described previously - (Tan_et gl -Ann:Neurol; 32:677-682 (1992)).. -

. i e . LR Pogae .
L T SN LR R A L T
? Do : W atay W

.Fig 2 shows the neuronal loss.scores for:a number .of regions . of the brain (identified by
-.abbreviations, on the horizontal axis).as a percentage. of; the untreated side. In all cases
‘the vehicle is the left-hand,col_ux_n_p\‘and;the effects.of 1 ug o_f IGF-1 is on the right.

PO BT saleas sy PP P
H D Lt N AKY ‘ oo dvidg o L P W

The results show ;hat unhkexthe NMDA antagonist treated sheep, where electrical

;activity .was, markedly suppressed (Tan et al Ann;Neurol- _2 677-682 (1992)), IGF-1

- .- rescued neurons (Fig,2)-but did not suppress the postischemic seizure activity in fetal

sheep. This study also suggests that the neuroprotective effects of IGF-1 does not
primarily occur via the NMDA receptor or altered electrical activity of the brain.

L Y S L S B A R L T ~

& Poe dedlt R - -

. Experiment3 . ot olp o e caleed o0 e ol

Y e R T IR e P

The objecuve of tl'us study was to compare the effects of treatment w1th GPE to that of

- \(ehxc]e given 2 hours aftera hypp)gle ischemic brain injury.;: .

./,““-- -'»--.’.,"v..'\-. £

The dose of 3 HE of GPE was chosen to, be equlvalent to that present in 50 pg of IGF 1.

__which hac praviouely heen chown. tn he nenrapratective (Guan et al I Cereb Blood

- Flow Metab. 13:609-616 (1'993_)).. ‘Unilateral hypoxic-ischemic .i_nju'fy was induced in

35
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adult 300 + 10g) male Wistar rats. The rats underwent unilateral carotid ligation under

- light halothane anaesthesia. Following one hour recovery they were placed in an

incubator at 34C at 85+5% 'humidity for one hour before injury.. They were subjected
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to 10 min inhalational asphyxia (FiO2 6.0%) and maintained in the incubator for one
hour after asphyxia. Two hours after the termination of the inhalational injury, a single

. stereotaxically controlled lateral.cerebroventricular.injection of ¢ither 3 pg GPE (n=15)
-or,phosphate buffered saline.alone (n=15) was:given. The animals were then
~maintained for 120hrs; anaesthetized and the brains fixed in situ for histological

cassesSment. - ©oy oLl Lol Ty el e R T e o T ey

AN S S AT RN S T T [ RPN |

-~ P

- Surviving. and .dead.neurons.were discriminated with the use of a thionin/acid fuchsin
. .staining-téchnique-{C. ‘Williams, A: Gunn, C> Mallard, P. Gluckman Ped Res, (1990).

. -..A:Bfown, J;Brierley, .J. Neurol Sci; 16: -59-84 (1971)): The results are shown in Figure

15

20

25

+» :~3; using.a scoring technique. It is cvident that thzre was neuronal damage even on the
- unligated-side; yet GPE therapy, reduced:the.incidence of hippocampal damage in the
- ligated hemisphere compared to the. vehicie treated ecntrols (p<0.05 by Fisher’s exact

test). Similar to our previous study with IGF-1 the incidence of cortical infarction was

.- lower following; GPE treatment at 27% compared to the control/vehicle treated rats at
.33% (Guan.et al J:Cereb:Blood Flow:Metab. 13:609-616.(1993)). .

Fowwa e P A N . -
USSR

Fig 3 shows -the incidence of cortical infarction (cclumns A'a'n;de) and hippocampal

damage (columns C and D} following treatment with vehicle (columns A and C) or
3ug GPE (columns B and D) two hours after the hypoxia. [The incidence of
hippocampal damage was reduced following treatment with 3ug GPE. The asterisk
indicates a probability p of under <0.05. .. ...~ ‘ -

DN L

ot <Fig 4. shows: a later, more critical assessment:of the:same. experiment. For this figure the

T

columns:A:and Bindicate the proportional loss of area.(which can be extrapolated to

: .+ indicate volume-using the well-known principles-of stéreology):between the left and

.+ 7== : right sides-of the cortex:of. the:brain,:for either:a control vehicle or 3 uG of GPE.

. Volumes were measured using-‘computer-aided irage analysis techni:qncs. Columns C
and.D.relateto the-hippocampus and indicate the proportion: of live neurones remaining

- after the experimerit; again.comparing-right and left side counts. The asterisk indicates a

BNSDOCID: <WO__9517204A1_I_>

: .- probability of 0.04- Neurones were counted after staining, with the aid of a microscope.
- The administration of GPE has resulted in a significant reduction in the number of

damaged cells. : Thus:a single central .injection of GPE following an asphyxial injury in

- the'adult rat was associated with as-marked improvement in outcome as assessed
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histologically. st T T e s el ke JEREIN
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- A histolegical experiment to locate GPE.binding sites.within the rat brain employed
- quantitative receptor autoradiography toddcate [3H)-GPE binding in coronal sections of
.. the brainsas previously:described:in: Dragunow-er ¢l {1988, Brain Research 462,

252-257). Fresh frozen brain sections were cut on a cryostat -and stored at -80 deg C
until use. Sections were then thawed and pre-incubated with 50 mM Tris HCI (pH 7.4)

~.for 10 minutes at room temperature (250:pl:per:section).;- Sections were then dried and
10, .

250 ul per section‘of 5 x:10° counts/mihVof [3H]}-GPE also: made up in Tris HCI buffer
(50 mM, pH.7.4)'was‘added for Ichour at'room-{empérature. ‘Sections were then washed

- two times-for one minute each in: icé-cold Tris-HCI followed by one rinse for 1 minute
.in ice-cold distilled :water: Sections were thén dried overnighit ati4:deg C and apposed to

[3H] sensitive film for-2 weeks,'and then developed to produce autoradiograms.

LIRINE PR LR I FERERMGIE S A 8 1A EVO £ AL O MR TIRS R Ev R

' Results:as illustrated in Fig 6 show thatithe:left'hippocampus has bound the radioactive

material while the corresponding side on'the right shows little reaction. The neurons on
this side were absent due to a pre-existing injury. This radioautograph illustrates a
particular binding site'for 'GPErand tends: mlsupport our belxef that GPE provides

‘particular benefit at thls important hucleéus:= - i e
R L T G - UL S S v
Summary of Experiments %7 . :. h0 b naa et T

GPE (in these experiments, dissolved in 0.15M phosphate buffered saline) administered o

“in‘a single dose given in the period commencingswithithe time of the CNS injury

‘through to about 8 hours:thereafter-(and-including a:timepoint-of about 2 hours after

"~ the’neural injury has shown therapeuticxeffeotin. reducing or:eliminating the severity of

:.CNS damage suffered aftersa:neural injury.: GPE:is especially useful in reducing
‘neuronal loss; infarction, and loss of: glial ‘and-other cells associated with CNS injury. '

. ~Thus it can be seen’that in-at least the preferred forms of ‘the.invention a method and/or

e tponntinn’

. Thedicamcnt for theating 'CNE damaseiic nrovided whichiie ibleto substantially prevent '

‘of treat CNS'damage. CNS-damage may: be’ associated. with asphyxia, hypoxia, toxins,

- ..infarction, ischemia or trauma.’ It will b¢ appreciated that the inain application of the

35
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*. -invention is to humans.. However,-the usefulness of:the invention is not limited thereto
. and treatment of other non-human animals, especially'mammals is also within the scope
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of the invention.: .. -~ ¢

The present invention, therefore, recognises the role’of an administration of a
5 .. medicament comprising GPE.and/or cther compounds:of-similar effect into a patient at
or following a CNS injury with the consequential result that CNS .damage is minimised
by preventing the otherwise consequential, self-induced damage that would occur _
‘.. . _following the:injury, i.¢: itisinotinvolved with the repair of damage that has already
- ~..  -occurred but to.atreatment at, or-subsequent, to the injury but before the consequential
Lo 010 -, long term:damage:occurs thereby minimising the occurrence of such damage.
S R PP I SRR AU A SRS L SORE A AUSEt FH TS TR ' ) ’
foalas oo, et - Bxampleskin i v e vow : L .
Alleviation of brain damage to an infant or neonatal mammal resulting from perinatal -
15 asphyxia ' B

SO RARENY S

Basing the dose rates:on our rat ard fetal sheep models a suitable method for alleviation
of brain damage is to infuse the infant’s circulation by intravenous rout with-GPE or an
_ analogue theréof in normal:séline at a preferred dose rate in the range 0.1 ung/kg to
20 - 10mg/kg and more preferably about. lmg/kg from within about 12h of thé onset of fetal
cewve oo o .vdistress until about 120h later.: A higher loading-dose méy be used at the
i w00 commencement of treatment.” Aliernatively GPE may initially be administered via the
;7 .- . o maternal circulation inta higherintravenous dose rate of about 5Smg/kg, while the .
- S placenta is largely functional. Alternatively.intraventricular infusion at about IOpg/kg
25 n artificial CSF into the lateral ventricle may be used in indicated.

Example 2: )
Alleviation of brain damage to hutian 6r mammal:resulting. from stroke.

.ol 755300 Basing the dose rates.on ourrat and fetal sheep models a:suitable method:for alleviation
: ‘of brain: damagz is to infuse: the paiients: circulation by intravenous route with GPE or
-an analogue thereof .in normal saline at a preferred dose rate in the range of 0.1 pg/kg to
10 mg/kg and more preferably about:1. mg/kg from within.about 12h of the onset of
neurological signs until about 120h later. A higher loading dose may be used at the
“toor o035 '..commencement.of treatment. Alternatively the same dose may be administered by

PRI . t~close carctid injection.’ Alternatively intraventricular infusion at about 10 ung/kg in
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artificial CSF into the lateral ventricle may be used if indicated. -

-Exarhple 3o o : A L LS PR S O T AT
O § + Alléviation-of:brain. damage to-human and: mammail resultmg from intracerebral

e oo ‘haemiorrhages o o s un ekt ragal T T el

PR S S S ST L LU SRR LoV PV SEFIP LS SRR I T4 RN PLS S O ;
-+ Basing the dose rates on.our rat: and-fetal shcéﬁ_m@dclsa suitablé-method for alleviation
. of:brain damage is to, infuse the:patients-circulation intravenous-route with GPE or an
.10 - . analogue thereof in normal saline: dt-apreferred:dose.rate:in.the:range of 0.1 pg/kg to
10mg/kg and more preferably about 1 mg/kg until about 120h after the onset on the
haemorrhage. A higher loading does may be used at the commencement of treatment.
Alternatively intraventricular infusion at about IOug/kg in. artlﬁcnal CSF into the lateral
. . :* ventfricie may'be used ifrindicated.. - ; Gaivmal anle 0 @ e
15
Example 4:
st oo+ i1 .+ Alleviation of brain damage to human or.-mammal resulting from traumatic head injury.

: - . ‘Basing the dose rates. on Qur rat-and fetal sheep models-a suitable method for alleviation

w .. .20 . of brain damage.is.to infuse the-infantis-circulation: by intravenous route with GPE or
-+ . .. an-analogue thereof in normal saline at a.preferréd does rate in the range of 0.1 pg/kg to

<. f.omeiooo0 10mg/kg and more preferably :about. #mg/kg from: within about 12h of the injury until

. “.n . about 120h.later.: A higher loading dose may'be used at the commencement of
w1t o sreatment.;Alternativelyintraventricular infusion at:about 10p.g/kg in art1fic1al CSF mto _
25 the lateral ventricle may be used if indicated: «:.-+) =70 bl o L

Example 5: e
Peripheral administration of GPEis effectivels 2 s »oes

=+ . - 1+ .30; The objective-of this:study.was to compare:the effects. of treatment with GPE to that of
) ' .1 .-a vehicle given 2 hours: after an hypoxic-ischemic-injury. - The dose range of 2 to 200ug

- -j;was-chosen to span 2 range of cyctemie dhcec:that are.greater than that reaquired

cee 0 centrally (see._expcpm_c_:nt ) T R N S S S
P EE ) _"'_'_..-, ’ "‘_4'_“5{)?'_‘..‘ .o ;_‘_" Lo L T T
.- : 35 . Unilateral:hypoxic-ischemic injury: was induced in-21-day. old, 455 g Wistar rats.

. The rats underwent unilateral carotid ligation under.light-halothane anaesthesia.
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Following one hour recovery-they were placed in an incubator at 34 deg C 85+ 5%

~humidity for.one hour before the injury. ‘They were-subjected to 1 min inhalation

hypoxia (Fi02 8.0%) and then returned to room temperature:(22:deg C) and hormoxia.
Two hours after the termination of the injury, a single intraperitoneal injection of
0.25ml of 2, 20 or 200pg GPE per rat, or saline al(ine'=§?va§'=giv¢n. The animals were
thenmaintained for 120 :hrs, araesthetized and the brains:were fixed for histological

.. ASSESSIMENt. © x7 .l Ut LT pand S UL -

15

,20 v

EHTT. Y o

Surviving and dead neurons were discriminated using the thionin/acid fuchsin staining -

-5 technique:(Guan et al ] Cered'Blood Flow:Metab: 13:609-616 ¢(1993). The results, in
-~ which.the-height-of.a:pointi i¢ given'by the ratio as a percentage of live neurones in the
.-CA1-2 region on therright:side.to.the nnmber.on the left side are shown-in Figure'5.

Column A is vehicle, column B is 2 pg of GPE; column C is 20 pg of GPE, and column .- -

D is 200 pg of GPE. In this figure, the P value (0.031) was calculated by a method.

- using one way ANOVA:comparing many groups after Arcsin transformation.

-

GPE therapy (20pg) reduced the loss of neuro'ns‘in';he CAl-2 regibn of the
hippocampus-{p<0.05). Thusa single peripheral injection of GPE following an

~asphyxial injury in the rat-was-associated ‘with:a marked improvement in outcome as

assessed histologically. ‘ T ST

Options: Our choice of-the intraperitoneal route was at ieast partly dictated by the
difficulty of any other routes in such small animals. While it is likely that the

_intraperitoneal route offers better.access:of. GPE .to the circulation and hence to the

- :iblood-brain-barrier,-other routes sich as intravenous, intframiscular, or subcutaneous -

30

35
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- -.routes also appear to beravailable although the effective dose rate is likely to be greater.

e

STt

The above experiment shows that the advantages of GPE over previously favoured

IGF-1 treatments include that it (unlike IGF-1) can cross the blood-brain barrier and so
can gain access to the CNS from a peripheral site.

PHARMACOLOGY
Apart from the dose-response experiments on which Fig 5 is based, we have not yet

" studied the pharmacological properties of GPE. We expect it to have a:similar half-life

in blood to other peptides; we expect that the liver and kidneys will relatively rapidly



. WO 95/17204 _ PCT/NZ94/00143

-21-

.+ . ‘take up circulating GPE, and we expect that it has-a relatively large therapeutic ratio. In
S . view-of the-expected rapid uptake, intravenous administration is preferably in the form
- of‘a’steady-infusion. - .. rviicatee od SV I
5 e gt oyl e reo sy hmison it ol LT e e e
s CADVANTAGES 70 oo, T Ll as Do
) X -Some advantages offered by this invention, éspecially’ over IGF-1 and the like include:
(1) The active ingredients are easy to synthesise either.in vitro or by other means
such as by recombinant techniques.
10 L LB el maws vnote 3 T uan A e .
(2) The small molecule tan'diffuse readily throughithe body and between
o v Ties .. i compartments‘(e.g. the'blood-braincbarrierjsand mucous membranes), aiding in
- siia ow 2 . the choice.of metheds for itsiadministration and jts ability to reach sites where
; -+ injury has ococurred; .~ <i ot T BIRSEA) 1o BE ST ERRAP FU
SRR & IR LU I PN Pty Cegivedhy ol : :
: .+ We. have shown that intraperitoneal administration, to give one non-CSF

‘example, is effective.
(3) . The small molecule is onlikely to present a-challenge to the immune system, so it
20° " .may'be-administered overextended periods and it may be administered
prophylactically. . L R T

r7 (41 (4)): ‘Species differences are unlikely t6 be important.:

: T TN I SRR A A R 1 R L N R
"25 : Although the present invention is'defined broadly above;:it will be appreciated by those
e - skilled in-the art that it is motJimited thereto .but'includes. embodiments of which the
.- “description-provides examplés. Finally, it.-will be*appreciated that various alterations

e
%

and modifications may be made to the foregoing without departing from the scope of

“v . .. this-invention as claimed.: s f f3¢7 & iy Ll w0l e
<2730 e e e 0 L LT Haed Ll el e e U
i i m Lalltane grreon oo
by T
Y,
\
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- CLAIMS -

SLLT e

» 1. . A'pharmaceutical composition for the treatmeiit of neuril damage comprising -

© 5 aneffective amountof a peptide selecied ffom the group ¢omprising tripeptides or a

dipeptides.

¢, [

B S D T Y I SOOI YIS I NP

~

et 2.0 <A pharmaceiitical composition as ciaimed in claim1, wherein the peptide is

selected from the group comprising (a) thé tripeptide gly-pro-glu (GPE) (b) the
10 dlpeptndc gly-pro and (c) the dipeptide pro-glu.

fama Fingl -
SREOINT IS W ST oS i R _.;»‘_‘....-.;.-v, HRSTIN

Lo 30y sArpharmaceutical ‘domposition ds-¢laimed in‘claim 1, and further including an
-+ ‘effective: amountof a:compotind that elevates the conceritration of the selected peptlde
~+ within the nervous systém:ef @ remp ient mammal """
15 DT BV, L e e
4. Use of tripeptides or dipeptides for the treatment of neural damage to glial cells
or the treatment of neurons in mammals in the manufacture of a pharmaceutical

composition suitable for administration to the nervous system of a mammal.

20 5. A method of treating neural damage including damage to glial cells as well as
damage to neurons in mammals comprising the administration of a composition
containing an effective amount of a peptide selected from the group comprising (a) the
tripeptide gly-pro-glu (GPE), (b) the dipeptide gly-pro, and (c) the dipeptide pro-glu.

25 6. A method as claimed in claim 5 in which thre peptide cdiﬁposition is
administered within the period of from 12 hours before to 100 hours after the onset of
an acute injury.

7. A method as claimed in claim 6 in which the peptide cdmposition is

30 administéred from 0.5 to 8 hours after the onset of an acute injury, so that raised,
cell-protective levels of GPE exist within the nervous system at least partly during the
existence of conditions adverse to the survival of nerve cells.

35
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8. A method as claimed in claim 5 in conjunction with an_elective procedure
¢ considered likely to lead to an injury to the CNS in which an effective amount of the

- peptide composition is administered:prophylactically prior to the elective procedure, so
5 that raised levels of GPE exist withirthe nervous system during the proccduré.

9. A method as claimed in claim 5 in which the dosage range of the peptide

» . -composition administered .is-from. abeut 1; g :to about:100 mg of the peptide per Kg of
.+ body weight of the recxplent mammal;. v st et ety oo
10 AN U D LS T T g

10. A pharmaceutical cc;mposmon suitable for admmlstratlon to the nervous system
of a mammal said composition.capable:of ‘cansingthe mammalian body into which it is
-+ .. - introduced to synthesise and releasg elevated levels:of a tripeptide.or dipeptide selected
from.the group comprising (a) the tripeptide gly-pro-glu:(GPE), (b) the dipeptide
15 gly-pro and (c) the dipeptide pro-glu.
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